Phaeohyphomycosis is an infection characterized by melanized hyphae, yeast cells, moniliform hyphae, or a mix of these morphotypes in tissue. The causative agents mostly belong to the genera Exophiala and Scedosporium (1) . Hyalohyphomycosis is characterized by hyaline hyphae, such as Fusarium, Scedosporium, Acremonium, Scopulariopsis, Purpureocillium and Paecilomyces (2) . We report here a case of concurrent double fungal infections of the skin caused by 2 different species of fungi in an immunocompromised patient: hyalohyphomycosis of the foot due to Phialemoniopsis endophytica and phaeohyphomycosis of the hand due to Exophiala jeanselmei. This is also the first case report of infection by P. endophytica, which has been described recently as a new species of Phialemoniopsis.
CASE REPORT
An 87-year-old Japanese man diagnosed with microscopic polyangiitis presented with polyneuropathy of the lower extremities and renal involvement. He was started on therapy with oral prednisolone, 50 mg daily for a week, following intravenous methylprednisolone, 1,000 mg for 3 days. After gradually tapering the dosage, he had been maintained on prednisolone, 10 mg daily, for 8 years. He was admitted to the department of internal medicine in our hospital for treatment of cholangitis. He had a history for several months of a nodule on his right ankle and a cyst on his right hand. Physical examination revealed an asymptomatic greyish pink nodule, 20 mm in size, with purulent discharge on his right ankle (Fig. 1a) and a greyish-brown subcutaneous cyst, 25 mm in size, on the dorsum of his right hand (Fig. 1f ). Biopsy and tissue culture from the ankle lesion were performed. Histopathological examination showed a thick-walled cyst in the dermis to the subcutaneous tissue surrounded by multiple mixed-cellular granulomatous inflammations. Round-to-oval thick-walled organisms with hyaline septate hyphae were observed in histiocytes and multinucleated giant cells in the granuloma (Fig. 1d) . GrocottGomori's methenamine silver stain clearly confirmed these elements to be fungi (Fig. 1e) . No melanin pigments were detected in Fontana-Masson staining. Culture of the biopsied specimen resulted in the formation of a brown-white-coloured colony with an annular structure and radial folds after 56 days of incubation on Sabouraud dextrose agar at 27°C (Fig. 1b) . The slide culture of the isolate (KMU 9847) showed broad, branched hyphae and aggregation of oval microconidia (Fig. 1c) , suggesting Acremonium spp. The isolate was identified as Phialemoniopsis endophytica by sequence analysis of the internal transcribed spacer regions of ribosomal DNA gene, with one base difference from that of the type strain, ACCC 38980T. The same mycological and molecular results were obtained from a fungal strain (KMU 9921) cultured from discharge from the ankle examined by a general physician 8 days before the patient consulted us.
Concurrent
Direct microscopic examination of aspiration fluid from the cyst on his right hand showed some brown hyphae, and olive-blackcoloured colonies grew after 14 days of incubation of fluid content on Sabouraud dextrose agar at 27°C (Fig. 1g) . Slide culture showed brownish hyphae and ellipsoidal conidia on brown, bottle-shaped, conidiogenous cells (Fig. 1h) . The isolate was identified as E. jeanselmei by sequence analysis of the internal transcribed spacer regions of ribosomal DNA gene. Laboratory data showed serum IgG 758 mg/dl (870-1,700 mg/dl), albumin 3.5 g/dl (4.0-5.0 g/ dl) and β-D glucan 16.0 pg/ml (<11.0 pg/ml). The patient was in an immunocompromised and poor nutritional state. There was no growth of any organism in blood culture. Computed tomography showed no evidence of systemic involvement.
A diagnosis of hyalohyphomycosis of the foot due to P. endo phytica and phaeohyphmycosis of the hand due to E. jeanselmei was established on the basis of the above findings. Treatment with voriconazole was initiated at a dose of 300 mg/day. Subsequently, each lesion disappeared and the β-D glucan level became normal within 2 months. Additional 4-month treatment with voriconazole was terminated and there was no sign of recurrence after 3 months of follow-up.
DISCUSSION
Recent advances in molecular biology have provided new techniques for identifying dermatophytes and have enabled progress in reclassification of taxa (3). In our case, P. endophytica was confirmed as a possible causative agent of infection in human skin by molecular biology techniques.
Phialemoniopsis is a new genus established by Perdomo et al. (4) after phylogenetic investigation of the unidentified clinical isolates of Acremonium, Phiale monium and Lecythophora by detailed morphological and molecular analyses (4, 5) . The genus includes 5 species: P. ocularis (=Srcopodium oculorum), P. curvata (=Phialemonium curvata), P. cornearis, P. pluriloculosa and P. hongkongensis (4, 6) . These species are widely distributed in various environments, including air, industrial water, plant materials, river water, sewage and soil (4) . Phialemoniopsis endophytica, which was identified in our case, is a novel sixth species of Phialemoniopsis that was isolated from the lower stem of Luffa cyrindroca during a survey of endophytic fungi in cucurbit plants in China by Su et al. in 2016 (5) . There is a possibility that traumatic implantation from plants to the patient's skin occurred because he did gardening every day.
Four cases of skin infections caused by Phialemoni opsis have been reported previously (6) (7) (8) (9) . P. curvata (7, 8) , P. hongkongensis (6) and P. ocularis (9) were isolated from nodules on the foot (7-9) or forearm (6) , and the patients were treated with surgical debridement (8) , amphotericin B and ketoconazole with debridement (7), itraconazole (6) or voriconazole (9) . Although 2 of the patients were immunocompromised (7, 8) , none had systemic involvement. It is notable that a molecular technique was not used to identify the pathogen in 2 cases of skin infection with P. curvata (7, 8) . Phialemoniopsis had been classified into unidentified clinical isolates in Acremonium, Phialemonium and Lecythophora infections before it was established as a new genus. There is a possibility that skin infections caused by P. endophytica have been included in such cases. In our case, P. endop hytica confirmed by molecular technique was isolated for the first time from a lesion of human skin infection.
Among Phialemoniopsis species, P. curvata has been reported to cause severe systemic and deep-seated organ infections compared with the other 4 species (10). P. curvata shows good growth at 37°C and the other 4 species grow at temperatures below 37°C (6) . It is widely accepted that fungi growing at 37°C are potential pathogens in a suitable susceptible host (1) . The difference in the degree of serious symptoms among species might be related to the difference in degrees of thermotolerance of species. P. endophytica, which was identified in our case, grew at less than 37°C, which may explain why there was no evidence of deep-seated organ infection in our case.
It is known that concurrent skin infections due to dual micro-organisms of different species occur in immunocompromised patients (11) . The possibility of concurrent double fungal skin infections must be taken into consideration in patients with multiple skin lesions, particularly in immunocompromised patients, as well as skin involvement of disseminated systemic fungal infection. In addition, if the culture is successfully done, recent advances in molecular biology may enable identification of new species as causative agents and thus contribute to the establishment of a therapeutic strategy.
